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1.  Introduction 

The  described  fiberoptic  telemetry  link,  shown  in  figures  1  to  3,  is  a  practi¬ 
cal  instrument  for  transmission  of  low-frequency,  low-level  instrumenta¬ 
tion  signals  in  the  high  electric  fields  associated  with  high-power  micro- 
wave  (HPM)  testing.  The  purpose  of  the  link  is  to  provide  a  means  of 
accurately  monitoring  low-frequency  electrical  signals  within  a  device  be¬ 
ing  irradiated  by  high-level  microwave  signals.  The  signal  is  carried  on  an 
optical  fiber,  which,  being  a  non-conductor,  does  not  provide  a  conduit  for 
signal  leakage  into  the  system  under  test. 

The  self-contained  (battery-powered)  transmitter  accepts  the  electrical  sig¬ 
nal  and  converts  it  into  an  FM  pulse  repetition  frequency  (prf)  modulated 
optical  signal,  which  is  conveyed  by  optical  fiber  to  a  receiver,  where  it  is 
converted  back  into  an  electrical  signal.  The  input-to-output  gain  is  lOx, 
lx,  or  O.lx,  depending  on  the  selected  transmitter  gain,  with  a  full-scale  re¬ 
ceiver  output  of  +5.0  V.  The  dynamic  range,  the  range  between  the  noise 
level  and  the  onset  of  nonlinearity  due  to  overload,  is  approximately  70  dB 
on  any  one  range.  A  10-kHz  input  of  100  |iV  amplitude,  down  5000-fold 
from  a  full-scale  0.5-V  input,  is  readily  observed  on  an  oscilloscope  con¬ 
nected  to  the  receiver  output.  The  3-dB  bandwidth  is  dc  to  10  kHz.  The  re¬ 
chargeable  batteries  in  the  transmitter  are  adequate  for  approximately  8  hr 
of  use  per  charge.  The  interconnecting  two-fiber  fiberoptic  cable  is  highly 
flexible  and  about  0.1  x  0.2  in.  It  contains  two  fibers,  one  for  controlling 
transmitter  power  (on/off)  and  the  other  for  carrying  the  FM-modulated 
optical  signal.  Transmission  up  to  more  than  1  km  is  possible  even  with 
this  low-cost  ($0.80  per  meter)  cable.  The  transmitter  is  presently  config¬ 
ured  such  that  the  package  is  4^^  x  1 V2  x  in. — a  large  reduction  in  size  is 
possible. 


Figure  1.  External 
view  of  transmitter 
and  receiver. 


5 


Figure  2.  Internal 
view  of  transmitter. 


Figure  3.  Close  view 
of  transmitter  circuit 
board.  Fiberoptic 
connectors  at  left. 


2.  Circuitry 


—Transmitter 

Figure  4  shows  the  circuit  diagram  of  the  transmitter.  The  transmitter  con¬ 
sists  of  an  attenuator  and  input  amplifier  followed  by  a  linear  variable  fre¬ 
quency  oscillator,  a  one-shot  pulse  generator,  and  the  light-emitting  diode 
(LED)  with  its  driver,  Qg.  Auxiliary  circuits  include  the  optically  controlled 
power  switch,  Q5-Q7,  and  the  negative  supply  charge  pump  and  battery 
voltage  comparator,  Qg. 
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Figure  4.  Functional  and  schematic  diagrams  of  optical  transmitter. 
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2.1  Input  Amplifier 

The  CA3140  (Q^)  was  used  as  an  input  amplifier  because  of  its  ability  to 
handle  input  voltages  below  the  negative  rail  (here,  ground),  because  of  its 
high  input  impedance,  and  because  its  output  range  extends  to  near 
ground  (0.2  V),  making  good  use  of  the  dynamic  range  of  the  next  stage, 
Q2.  Its  slew  rate  is  more  than  adequate  for  this  application,  and  the  input 
stage,  including  the  uncompensated  resistive  attenuator,  has  a  bandwidth 
of  more  than  300  kHz.  The  negative  bias  applied  to  the  inverting  terminal 
shifts  the  level  of  the  input  so  that  the  signal  output  from  is  always 
positive,  as  required  by  the  input  of  the  next  stage,  Q2,  the  variable- 
frequency  generator.  Initially  we  attempted  to  provide  the  necessary  offset 
by  using  the  "offset  null"  connections  of  Q^,  avoiding  the  need  for  a  nega¬ 
tive  supply;  this  seriously  degraded  the  temperature  stability  and,  hence, 
was  unsatisfactory.  Summing  a  reference  positive  current  with  the  signal 
at  the  negative  input  to  the  amplifier  was  also  considered,  but  it  would 
have  rendered  the  gain  sensitive  to  the  signal-input  impedance,  which  is 
undesirable.  After  passing  through  the  attenuator,  the  signal  input  to  is, 
at  a  maximum,  in  the  range  of  ±0.25  V,  keeping  well  away  from  the  -0.5-V 
common  mode  limit  of  Q^. 

2.2  Oscillator  (Voltage-to-Frequency  Converter) 

The  output  of  is  applied  to  Q2,  which  generates  pulses  whose  repetition 
rate  is  controlled  by  the  input  signal  that  it  receives  from  and  whose 
width  (250  ns)  is  constant,  controlled  by  the  one-shot  period.  Initially  the 
current  applied  to  the  (-1-)  input  (pin  11)  of  Q2  is  integrated,  causing  its  out¬ 
put  to  ramp  upward,  charging  C ^  at  a  rate  proportional  to  1  / R^,  1  /  Cp  and 
the  input  voltage.  When  the  output  reaches  the  comparator  trip-level,  the 
comparator  triggers  the  one-shot.  The  one-shot  both  furnishes  an  output 
(via  pin  14)  and  transfers  the  input  of  the  integrator  (op  amp)  to  an  internal 
negative  constant  current  source;  this  causes  the  ramp  to  decrease  to  its 
original  value.  When  the  one-shot  times  out,  the  input  of  the  op  amp  is 
again  connected  to  the  external  input,  and  the  sequence  repeats. 

The  width  of  the  one-shot  pulse  (and  the  down-ramp)  is  constant,  con¬ 
trolled  by  a  zero  temperature-coefficient  capacitor  (C2),  and  the  internal 
current  source  of  the  one-shot  pulse  is  stable;  therefore,  the  amount  of 
charge  placed  on  during  the  down-ramp  is  constant.  The  interval  of  the 
up-ramp  is  determined  by  the  time  necessary  to  replace  this  charge 
through  Rp  a  precision  resistor,  in  series  with  the  input  voltage  at  pin  11  of 
Q2  (pin  12  is,  of  course,  at  essentially  the  same  voltage  as  pin  11).  The  inter¬ 
val  of  the  up-ramp  is,  therefore,  proportionally  to  the  input  voltage;  is 
not  critical.  In  a  similar  fashion  the  trip-point  of  the  comparator  is  not  criti¬ 
cal;  it  needs  only  to  remain  constant  between  successive  up-down  cycles. 

The  value  of  is  chosen  so  that  the  upper  frequency,  corresponding  to  a 
maximum  positive  input,  is  1200  kHz  and  the  lower  frequency  is  200  kHz 
(for  minimum  input).  These  limits  are  dictated  by  the  need  to  avoid  an  in¬ 
creased  frequency  drift  of  the  oscillator  at  higher  frequencies  and  by  the 
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need  to  keep  the  carrier  frequency  substantially  above  the  highest  input 
signal  frequency,  even  when  the  input  is  at  a  minimum  value. 

2.3  Output  Driver 

The  LED  driver,  Q^,  is  straightforward.  It  supplies  18  mA  to  the  LED, 
which  generates  the  optical  signal.  Its  polarity  sense  is  such  that  it  drives 
the  LED  "on"  during  the  width  of  the  one-shot  pulse.  Qg  has  a  function  re¬ 
lated  to  the  power  circuits  discussed  in  the  next  section. 

2.4  Power  Supply 

The  input  amplifier  and  the  voltage-to-frequency  converter  (VEC),  Q2,  are 
specified  for  operation  at  supply  voltages  of  5  V  or  greater;  for  this  reason 
the  power  source  selected  is  five  NiCd  cells.  These  cells  supply  6.7  V  when 
fully  charged  and  are  nearly  depleted  when  their  voltage  has  dropped  to 
5V. 

Photo-transistor  Qy  and  transistor  form  the  power  switch,  which  is 
"on"  whenever  the  photo  transistor  is  illuminated  by  the  control  fiber, 
which  is  in  turn  illuminated  by  an  LED  at  the  receiving  end  of  the  link 
when  the  transmitter  is  to  operate.  Since  room  light  is  entirely  adequate  to 
turn  the  system  on,  it  is  necessary  to  cover  the  photo  transistor  when  the 
fiber  is  detached  from  it. 

One  half  of  Qg  is  an  amplifier  with  a  voltage  reference  established  at  its  (-1-) 
input:  this  is  used  to  provide  low  battery  protection.  When  the  battery 
voltage  falls  below  5.3  V,  the  output  of  the  op  amp  goes  high.  This  simulta¬ 
neously  disables  the  oscillator's  drive  to  the  LED  and  enables  Q^,  which 
pulls  the  LED  on.  The  energizing  of  the  LED  serves  two  functions:  (1)  it  as¬ 
sures  that  the  battery  voltage  continues  to  fall,  avoiding  an  on-off  oscilla¬ 
tion  of  the  power,  and  (2)  the  steady  illumination  of  the  fiber  can  be  moni¬ 
tored  at  the  receiver  end  of  the  fiber  to  show  that  the  optical  fiber  is  intact 
and  that  the  loss  of  carrier  signal  (a  result  of  the  shutdown  of  the  oscillator) 
is  due  to  a  low  battery  and  not  to  a  broken  fiber.  The  battery  has  enough 
energy  to  light  the  LED  for  several  minutes  after  carrier  shutdown  has 
occurred. 

The  other  half  of  Qg  forms  a  charge  pump,  consisting  of  an  oscillator  and 
an  ac-coupled  negative  peak  detector.  It  generates  the  system's  negative 
supply  voltage  with  a  battery  power  consumption  of  only  a  few  hundred 
microamps.  Its  relatively  slow  rise  and  fall  times  avoid  the  potential  for 
noise-coupling  into  neighboring  circuits,  such  as  may  occur  with  the  com¬ 
monly  used  ringing-inductor  voltage  changer. 

The  current  requirement  for  the  entire  transmitter  circuit  depends  on  the 
signal  input  voltage  since  this  controls  the  duty  cycle  of  the  LED,  a  major 
power  sink  in  the  device;  the  total  current  varies  between  about  10  and 
15  mA.  This  provides,  as  a  worst  case,  an  8-hr  continuous  rurmrng  time,  as 
was  desired  in  the  design  application,  with  1/3  AA-size  NiCd  cells  rated  at 
110  mA/hr. 
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3.  Circuitry — Receiver 

The  variable  repetition-rate  photo  pulse  sent  from  the  transmitter  via  the 
signal  fiber  is  detected  (fig.  5)  by  an  integrated  detector-amplifier,  which 
delivers  a  negative-going  output  pulse  varying  between  approximately  -i-3 
and  -1-2  V.  This  triggers  comparator  Q2,  which  drives  a  74LS121  one-shot. 
The  duration  of  the  121's  output  pulse  is  wider  than  that  of  the  optical 
pulse  in  order  to  avoid  possible  multiple  triggers  from  the  comparator  in 
the  event  of  a  weak  optical  signal,  resulting  in  a  noisy  leading  edge  at  the 
comparator's  input.  The  second  half  of  the  121  one-shot  provides  a 
convenient  way  to  monitor  the  presence  of  an  optical  carrier  signal;  it  is 
triggered  most  of  the  time,  keeping  its  Q  output  low  and  the  red  LED  off, 
as  long  as  the  carrier  is  being  received.  The  CLR  input  extinguishes  the 
LED  when  the  absence  of  a  signal  is  a  (desired)  result  of  turning  the  trans¬ 
mitter  off,  via  SI. 

A  second  VEC,  Q^,  a  VEC  320,  is  triggered  by  the  one-shot.  It  is  very  simi¬ 
lar  to  the  VEC  121  used  in  the  transmitter,  with  somewhat  better  perform¬ 
ance;  but  it  is  also  more  power  hungry,  making  it  unsuitable  for  the  trans¬ 
mitter.  In  this  receiving  application,  its  charge  pump,  driven  by  the 
on-chip  one-shot,  is  used  to  supply  an  average  current,  proportional  to  the 
prf,  to  an  integrator,  C^.  The  unusual  S-kfl  resistor  at  the  output  of  the  in¬ 
tegrator  is  to  aid  it  in  sourcing  current  in  this  application,  where  output  is 
always  negative.  The  output  of  the  integrator  is  fed  through  a  four-pole 
low-pass  Sallen-Key  filter  (Qg)  to  remove  the  ripple,  which  is  considerable 
when  the  received  frequency  is  near  its  minimum  (200  kHz).  The  filter  is 
effective:  the  ripple  is  about  70  dB  down  after  passing  through  the  filter. 
The  degree  of  feedback  in  the  second  filter  stage,  which  controls  its  damp¬ 
ing  factor  and  response,  was  arrived  at  experimentally;  the  best  square 
wave  response  was  obtained  with  the  values  given.  The  output  of  the  filter 
is  passed  through  an  output  driver  stage,  which  also  allows  for  gain  and 
offset  adjustment,  so  that  with  a  700-kHz  prf  input  the  output  is  zero,  with 
a  200-kHz  prf  input  the  output  is  -5.00  V,  and  with  a  1200-kHz  prf  input 
the  output  is  -1-5.00  V. 

The  final  circuits  of  the  receiver  are  the  gain  setting  and  offsetting  stage 
and  the  meter  driver.  Since  the  receiver  was  intended  to  feed  directly  into 
a  high-impedance  recorder  through  a  modest  length  of  cable,  the  100-fl 
output  impedance  was  satisfactory. 
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Figure  5.  Functional  and  schematic  diagrams  of  optical  receiver. 
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4.  Test  Results 


Linearity  is  exhibited  in  table  1;  it  is  seen  to  be  within  1  percent  over  the 
entire  operating  range.  The  response  to  heating  the  transmitter  from  room 
temperature  to  60°C  (140°F)  was  a  -40-mV  drift,  less  than  1  percent  of  full 
scale,  with  negligible  change  in  linearity.  This  drift  is  primarily  a  result  of 
the  temperature  response  of  the  CA3140,  which  forms  the  input  amplifier. 


Table  1.  Signal  input 
to  transmitter  and 
signal  output  from 
receiver  for  two 
transmitter 
temperatures. 


Signal  input 
(mV) 

Signal  output 
(V) 

@25°C 

@6°C 

550. 

5.50 

— 

500. 

5.01 

4.97 

100. 

1.01 

0.961 

50. 

0.049 

— 

0.00 

0.00 

-0.040 

-50. 

-0.052 

— 

-100. 

-1.00 

-1.04 

-500. 

-5.02 

-5.05 

-550. 

-5.55 

— 

5.  Mechanical  Assembly 

In  the  original  breadboard  of  the  transmitter  (fig.  2  and  3),  effective  electro¬ 
static  shielding  was  essential  to  avoid  potential  interference  from  the 
microwave  field  illuminating  the  device  under  test.  Such  shielding  is  pro¬ 
vided  by  the  close-fitting  enclosure,  made  from  a  WR-137  waveguide,  and 
the  decoupling  is  provided  by  feed-through  capacitors  in  the  septum  be¬ 
tween  the  battery  and  attenuator  compartment  and  the  active  electronics. 
Not  shown  are  a  number  of  ferrite  beads,  which  are  placed  over  the  battery 
and  signal  input  leads  that  pass  through  the  feed-through  capacitors.  The 
filter  produced  by  the  series  inductance  of  these  ferrite-loaded  leads, 
shunted  by  the  feed-through  capacitors,  avoids  coupling  of  rf  into  the  ac¬ 
tive  circuits. 


6.  Conclusion 

The  fiberoptic  signal  link  described  has  proven  reliable  in  field  use  and  in¬ 
expensive  to  construct.  It  provides  accurate  and  noise-free  transmission  of 
low-frequency  signals  in  the  presence  of  high  levels  of  electromagnetic 
interference  such  as  HPM  testing  and  nuclear  radiation  simulators. 
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Adelphi,MD  20783- 1197 
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